Summary. The reproductive organs of the male giraffe differ little in morphology and histology from those of other ungulates. There is some indication that gonadal hypertrophy occurs in late fetal life. Spermatogenesis begins at 3\p=n-\4 years of age and coincides with a rapid increase of testicular weight and seminiferous tubule diameter. In the fetal testis the main hormone is androstenedione (2\m=.\73\g=m\g/g) but in adult testes testosterone is predominant (<10\m=.\08\g=m\g/g) and \ g=D\ \ m=' \ testosterone may also be present.
Introduction
Knowledge of reproduction in male giraffe (Giraffa camelopardalis) amounts to some observations on the testicular artery and characteristics of epididymal spermatozoa (Glover, 1973) , a brief account of the anatomy of the male tract (Velhanker, Hukeri, Deshpande & Sane, 1973) , a mention of the reproductive status (Field & Blankenship, 1973) , and a discussion about the absence of seasonal patterns in testicular testosterone levels and other parameters of sexual activity (Hall-Martin, Skinner & van Dyk, 1975) . The purpose of the present report is to describe aspects of development from 270 days after conception (gestation period of 457 days: to maturity in giraffes with particular reference to testicular exocrine and endocrine characteristics.
Materials and Methods
The reproductive tract was removed from freshly killed male giraffes (including 4 fetuses), in the eastern Transvaal Lowveld, South Africa, and immersed immediately in 10% formalin. The organs were dissected in the laboratory and the testes, epididymides and bulbo-urethral glands were weighed.
Slices of testes were transferred to Bouin's fluid or Zenker-formol solution and processed con¬ ventionally for light microscopy. Sections (6 µ ) of Bouin-fixed tissue were stained with Delafield's haematoxylin and counterstained with chromatrope 2R or aqueous eosin, and those of Zenkerformol-fixed tissue were placed in potassium dichromate and treated with Sudan black by method 1 of Threadgold (1957) . Cross-sections of seminiferous tubules were measured with a Zeiss micrometer eyepiece and the mean of 25 tubules used as the seminiferous tubule diameter.
Fetal and postnatal ages were determined as described by and Hall-Martin (1976) respectively. The relative development of fetal and early postnatal gonads was determined from the concentration of interstitial cell nuclei. At x400 magnification, counts were made of the number of interstitial cell nuclei in 25 squares of an ocular grid for each specimen ex¬ amined to give the number of nuclei per unit area (one square).
As the giraffes were collected in an endemic foot-and-mouth disease zone only formalin-fixed testicular material could be removed for assay. Samples of testicular tissue (25 g) were taken and processed individually or pooled (see Table 2 ), and the extraction methods of Short & Mann (1966) , as modified by Skinner (1967) and detailed by Hall-Martin et al. (1975) Amoroso, 1958 ; Kayanja & Blankenship, 1973) and fetal equids of both sexes (Amoroso & Rowlands, 1951 ; Smuts, 1976) . (Trautmann & Fiebiger, 1957) , consists mostly of a lobular pars disseminata which forms a glandular layer in the wall of the pelvic urethra, is wider dorsally than ventrally and has a thick striated urethral muscle along the ventral side. The bulbo-urethral glands are ovoid and are situated in a fibrous capsule on the pelvic part of the urethra, well covered by bulbo-cavernosus muscle. The penis is fibro-elastic and in mature males measures up to 77 cm when flaccid and has a marked sigmoid flexure. The penis retractor muscles are attached to the distal part of the flexure and are about 13 cm long. The glans penis is rounded in outline and flattened laterally ; to it is attached a grooved processus urethrae which is about 7-8 cm long in mature males.
Histology
The major features of the cells comprising the seminiferous epithelium and interstitium corre¬ sponded closely to published descriptions of these cells in other mammals (Johnson & Buss, 1967a; Onstad, 1967 ; Ortavant, Courot & Hochereau, 1969 Fig. 2 ): the characteristics of these cells and the diameter of the fully developed tubule (about 200 µ ) were similar to those described for other mammals.
Spermatogonia. These were distinguishable as Types A, and Intermediate, as in other mammals (Ortavant et al., 1969) . Type A spermatogonia (PI. 1, Fig. 3 ) were 9-6 + 0-2 µ (s.e.m.) in diameter and were found in the two 3-year-old giraffes and all older animals. Type spermatogonia (PI. 1, Fig. 3 ), measuring 4-5 ± 0-1 µ in diameter, could be recognized by the adherence of the chromatin material to the nuclear membrane, as in other mammals, but this material was not as 'beaded' as that found in Rattus norvegicus (Roosen-Runge & Giesel, 1950) and in the African ele¬ phant, Loxodonta africana (Johnson & Buss, 1967a Fig. 3 ). Their chromatin appeared very granular. The first spermatids appeared in two 3-year-old animals whose testes weighed 80 and 183 g; small numbers of spermatozoa were found in the tubules of the latter specimen. The body weights of these two ani¬ mals were 513 and 501 kg, respectively (adult body weight 1201-4 kg: see Table 1 ). Some of the stages of spermatogenesis are illustrated in PI. 1, Fig. 3 and the relationship between the time of appearance and testicular weight is given in Text- fig. 1 . The various stages of spermatogenesis were similar to those recognized in other mammals (Roosen-Runge & Giesel, 1950; Monesi, 1964; Onstad, 1967) .
The counts made of the interstitial cell nuclei (Table 1) indicate that the population of inter¬ stitial (Leydig) cells per unit area is greatest in the fetal testis, is decreased in the postnatal period and reaches a minimum in the adult testis.
Testicular hormones
The results of measurement of hormones in the formalin-fixed tissues are shown in Table 2 .
Testosterone concentration was significantly correlated with age by using correlation analysis (Simpson, Roe & Lewontin, 1960 ), but we have no explanation for the great variation in the amounts of testosterone found (<0·4-10 8 ug/g), or for the failure to detect testosterone in one adult speci¬ men. Androstenedione was confirmed in only five samples, three of which were from adults (Table 2) , while trace amounts of ' testosterone were found in six of the spermatogenic animals.
As in bulls (Lindner & Mann, 1960) , but unlike rams (Skinner, Booth, Rowson & Karg, 1968) , androstenedione was the dominant testicular androgen until at least 1 year of age. As in other mam¬ mals androgenesis preceded spermatogenesis.
Sexual development
The various features of the reproductive tract measured in this study (see Tables 1 and 3) Age (years) . 2. The relationship of (a) testicular weight, (b) epididymal weight and (c) seminiferous tubule diameter to age in giraffes. (Skinner, Scorer & Millar, 1975) and elephant (Johnson & Buss, 1967b; Hanks, 1972) . The relation¬ ships between testicular and epididymal growth with age, and the expansion of the seminiferous tubules are shown in Text-figs 2(a), 2(b) and 2(c) respectively. Two phases of testicular development are clearly discerned when testicular weight is plotted against the log of body weight (Text- fig. 1 ), the onset of the second phase being closely associated with the initiation of spermatogenesis and the growth and expansion of the seminiferous tubules, i.e. at about 3-4 years. Some significant corre¬ lations between the various reproductive characteristics measured in this study are shown in Table 3 . Only three records of the age at first successful breeding in male giraffe could be traced : these were 3 years 9 months (D. Cowie, personal communication), 3 years 6 months (Reuther, 1961) and 2 years 8 months (Crandall, 1964) . The mean age at sexual maturity from these records is 3 years 4 months but all refer to captive or tame animals. Because of their relatively small body size and behavioural immaturity at this age (Hall-Martin, 1975) it is unlikely that giraffe in the wild would normally breed as early as this, although they are physiologically capable of doing so.
